Objectives: Side-effects of standard pain medications can limit their use. Therefore, nonpharmacologic pain relief techniques such as auriculotherapy may play an important role in pain management. Our aim was to conduct a systematic review and meta-analysis of studies evaluating auriculotherapy for pain management. Design: MEDLINE, Ò ISI Web of Science, CINAHL, AMED, and Cochrane Library were searched through December 2008. Randomized trials comparing auriculotherapy to sham, placebo, or standard-of-care control were included that measured outcomes of pain or medication use and were published in English. Two (2) reviewers independently assessed trial eligibility, quality, and abstracted data to a standardized form. Standardized mean differences (SMD) were calculated for studies using a pain score or analgesic requirement as a primary outcome. Removal of poor quality studies did not alter the conclusions. Significant heterogeneity existed among studies of acute and chronic pain, but not perioperative pain. Conclusions: Auriculotherapy may be effective for the treatment of a variety of types of pain, especially postoperative pain. However, a more accurate estimate of the effect will require further large, well-designed trials.
Introduction

P
ain affects more Americans than diabetes, heart disease, and cancer combined, 1 and accounts for more than 20% of medical visits and 10% of prescription drug sales. 2 One of the most common approaches to managing pain relief, the World Health Organization analgesic ladder, 3 details the use of both opioid and nonopioid medications in a stepwise fashion. However, up to 80% of patients receiving opioid medications experience at least one adverse event, most commonly constipation (41%), nausea (32%), or somnolence (29%); the number needed to harm for these common events is between three and five. 4 Additionally, gastrointestinal toxicity related to the use of nonsteroidal anti-inflammatory drugs (NSAID) is estimated to cause more than 100,000 hospitalizations and over 16,000 deaths annually in the United States. 5 Cardiovascular risk is also elevated with use of most NSAIDs. 6 For these reasons, methods of nonpharmacologic pain relief, such as acupuncture, mind-body interventions, and manipulative therapies, have been advocated as adjuncts to pharmacologic therapy. traditional acupuncture and over the last 60 years has developed into a distinct treatment system of its own. It is based on a set of anatomical maps superimposed onto the ear. Stimulating a point on the map is proposed to affect the gross anatomical organ associated with that point. For the ear, auricular points may be stimulated with needles (auricular acupuncture); Vaccaria seeds, probes, or fingers (acupressure); electrical units attached to auricular needles (percutaneous electrical nerve stimulation) or directly to the skin (TENStransdermal electrical nerve stimulation or auricular electroacupuncture); or laser; all of which may be considered forms of auriculotherapy.
Early studies of auriculotherapy have demonstrated beneficial effects on both pain and anxiety including pain associated with cancer, 14 knee arthroscopy, 15 and hip fracture and hip arthroplasty. 16 Several recent small studies have suggested that auricular acupuncture alone can relieve pain and anxiety in the prehospital transport phase of hip fracture 16, 17 and reduce acute pain due to a variety of causes in the emergency department setting. 18 Recently, a systematic review of auriculotherapy for perioperative pain concluded that the evidence for efficacy was ''promising but not compelling.'' 19 However, because auriculotherapy is currently used in a wide range of acute and chronic pain conditions beyond the perioperative period, it is important to assess its clinical utility in general. Therefore, in this review our primary objective was to conduct a systematic review and meta-analysis of the efficacy of auriculotherapy for all types of pain. We present these data as a whole and also by category of pain (perioperative, acute, and chronic).
Materials and Methods
Data sources and searches
We searched MEDLINE, Ò Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials, AMED, ISI Web of Science, and CINAHL from inception through December 2008, using the following terms: ''auricular acupuncture,'' ''ear acupuncture,'' and ''auriculotherapy.'' We limited the electronic searches to human subjects and, due to resource constraints, English language. We attempted to identify additional studies through hand searches of reference lists, as well as our own files. All citations were imported into an electronic database (Endnote v. X1).
Study selection
Trials were included if they (1) were randomized; (2) compared auriculotherapy to sham auriculotherapy control, standard medical care, or waiting-list control; (3) measured the effect on pain or medication use; (4) and were published in English in a peer-reviewed journal. We chose to exclude studies that compared auriculotherapy to a nonauriculotherapy active control treatment that did not have clear evidence of efficacy. Two (2) reviewers independently assessed titles and abstracts, which were excluded only if both reviewers agreed that the trial did not meet eligibility criteria. Full-text articles of remaining citations were retrieved and assessed for inclusion by 2 reviewers. Disagreements were resolved by consensus. Results published only in abstract form were not included unless adequate details were available for quality assessment.
Data abstraction and quality (internal validity) assessment
We designed and used a structured data abstraction form. Trained reviewers abstracted data from each study and assigned an initial quality rating. A second reviewer read each abstracted article, evaluated the completeness of the data abstraction, and confirmed the quality rating. Differences in quality ratings were resolved by discussion or by involving a third senior reviewer. The following data were extracted: study design, setting, population characteristics (including age, sex, and race), inclusion and exclusion criteria, interventions, comparisons, additional medications or interventions allowed, outcome assessments, attrition, withdrawals attributed to adverse events, results, and adverse events reported. We recorded intention-to-treat results if available.
For the auriculotherapy interventions, we abstracted details based on the STRICTA (Standards for Reporting Interventions in Controlled Trials of Acupuncture) criteria for the reporting of acupuncture trials, 20 including point selection method, point locations, number of points per ear, needle type, use of electrical or laser stimulation, number of treatments, treatment frequency, and duration of each treatment. We also abstracted data on the practitioner type, years of experience, and acupuncture style. For the control intervention, we abstracted similar details. The country of the study was also recorded.
We assessed the quality of trials based on the criteria of the U.S. Preventive Services Task Force and the National Health Service Centre for Reviews and Dissemination (U.K.). 21, 22 Quality assessment elements included randomization method, allocation concealment, and blinding; similarity of compared groups at baseline; maintenance of comparable groups; reporting of dropouts, crossover, adherence, and contamination; overall and differential loss to follow-up; and intention-to-treat analysis. Attrition was defined as the number of randomized subjects who did not reach the study endpoint. 23 Trials that met all criteria were rated ''good quality,'' while those that failed to meet combinations of items were rated ''poor quality.'' The remainder received a quality rating of ''fair.'' This includes studies that presumably fulfilled all quality criteria but did not report their methodologies to an extent that answered all of our questions. As the fair-quality category is broad, studies with this rating vary in their strengths and weaknesses. A poor-quality trial is not likely to be valid-the results are at least as likely to reflect flaws in the study design as the true difference between the intervention and control.
Data synthesis and analysis
We summarized the overall strength of evidence for the efficacy of auriculotherapy for each set of pain indications into evidence profiles. The overall strength of evidence for a particular key question reflects the design, quality, consistency, and magnitude of effect of the set of studies relevant to the question. We rated the overall strength of evidence as low, moderate, high, or insufficient using an approach established by the Agency for Healthcare Research and Quality EvidenceBased Practice Centers. 24 High strength of evidence indicates high confidence in the estimate of effect and that the evidence reflects the true effect; further research is unlikely to change our confidence. Moderate strength of evidence indicates moderate confidence, and further research may change our confidence in the estimate as well as the estimate itself. Low strength of evidence indicates low confidence in the estimate and further research is likely to change our confidence in the estimate and is likely to change the estimate. Insufficient indicates that evidence is unavailable or does not permit estimation of an effect.
Standardized mean differences (SMD) and 95% confidence intervals (CI) were calculated for all comparisons. A standardized mean difference refers to the raw difference in the sample treatment mean and the sample control mean divided by the pooled standard deviation of both the treatment and control groups. Because the times to study endpoints greatly varied among the studies, weighted mean differences were not calculated. The use of the pooled standard deviation in the SMD accounts for the inconsistent study endpoints by placing the treatment differences on the same comparable scale. SMDs therefore are not interpreted on the original scale, but are interpreted in terms of number of standard deviations. For example, an SMD of 3.0 would mean that the treatment mean is approximately 3.0 standard deviations higher than the control mean. Mean differences around 0.2 are often considered small while those !0.8 are considered large. 25 For example, a mean difference of 0.5 indicates that the mean of the treated group is at the 69th percentile of the comparison group-a moderate effect-while a difference of 1.5 indicates that the mean of the treated group is at the 93% of the comparison group-a large effect.
Study comparisons based on pain scales compared the standardized difference in mean decrease in pain from baseline (to end of study) between the treatment and control group. The numerical rating scale (NRS) was converted to a 100-point scale for comparisons with the 100-point visual analogue scale (VAS). Study comparisons based on pain medication use compared the percentage decrease in pain medication use between treatment and control groups. We tested whether these decreases, in either pain scale or pain medication use, were significantly different from zero across studies. For the overall meta-analysis comparing acupuncture to a control, only the studies that utilized a pain scale measure were included because of concerns of comparability between the pain scale and analgesic use outcomes. For all comparisons, an SMD of zero indicates no difference between groups.
Study results were combined using the two-tailed p-values reported from each individual study. If a p-value was not reported, it was calculated from the reported standard error. Because study sample sizes and variances were not constant, reported differences were converted to standardized mean differences; studies were weighted by the inverse of the study variance so that studies with lower variance received more weight. A formal hypothesis test for heterogeneity was performed using Cochran's Q statistic. 26 As an alternative to Q, the inconsistency index I 2 is reported, 27 as well as t 2 , 28 the between-study variance. Results for both random and fixedeffects models were calculated, but because significant heterogeneity among studies was often found, we report the results from random effects models only. 29 To further investigate heterogeneity, studies that employed multiple control groups 14, 30, 31 were compared using the control group with the least active intervention, and studies that used an active control known to be efficacious for pain were excluded. 32, 33 Analysis was performed using the software package Comprehensive Meta Analysis (www.meta-analysis.com).
Subgroup analyses were performed for perioperative studies reporting pain medication use, studies of acute pain, and studies of chronic pain. Although other subgroups may be important to consider, too few studies were available for such analyses.
Forest plots and funnel plots were created for the overall results and for each subgroup analysis. Sensitivity analysis was performed by removing each study and recalculating the overall results of the analysis. Cumulative analysis was performed to assess the possible treatment effect over time.
Comparisons were performed with and without poor quality studies to assess the effect of study quality. This study was approved by the University of North Carolina institutional review board.
Results
Our search revealed 554 citations, of which 133 full-text articles were reviewed. A total of 17 studies (1009 subjects) met our inclusion criteria ( Fig. 1 ) and were included in the review. Attempts were made to contact the authors of an additional three publications that may have been eligible for inclusion but were not because no replies were elicited. [34] [35] [36] For 5 of the 17 included studies, additional data were obtained from the authors to enable inclusion in the meta-analysis. [30] [31] [32] [33] 37 Four (4) studies included in the review were excluded from the meta-analysis due to incomplete data. 17, [38] [39] [40] The 17 included studies encompassed a wide variety of auriculotherapy interventions (Table 1) including auricular needles that were placed and removed after a single session (two studies); indwelling auricular needles that could remain in place for up to 30 days (six studies); electrical stimulation of either indwelling auricular needles (five studies) or transcutaneously without needles (two studies); laser stimulation (one study); and acupressure (one study). Most studies used either a VAS (10/17) or measures of the amount of pain medication use (5/17) as a primary outcome measure. The remaining studies used other measures, including a NRS and reports of ''pain relief'' or ''pain decrease.'' Thirty-five percent (6/17) of trials were rated as good quality, 24% (4/17) were fair quality, and 41% (7/17) were poor quality (see Appendix). Selection of auricular acupoints were varied among the studies based on the type and location of pain being treated; however, shenmen was the most commonly included point (10 studies) followed by thalamus (4) . Visual inspection of the funnel plots for each comparison did not indicate substantial publication bias. Table 1 lists type of intervention and control treatments, primary outcome measures, and acupoints for each study.
All pain types
Overall, 12 studies reported primary outcome effects in favor of auriculotherapy, 3 studies found mixed results (different direction of outcomes for multiple outcome scales or multiple times of outcome measurement), and 2 studies reported no difference between auriculotherapy and control interventions (Table 1) . Of the 17 studies included in our review, 8 reported sufficient data for change in pain intensity to be included in an overall meta-analysis; 3 studies that did report on pain intensity did not provide enough data to be included in the meta-analysis. 17, 39, 40 Auriculotherapy interventions for studies incorporated into the meta-analysis included auricular acupuncture with and without electrical stimulation, TENS, and laser auriculotherapy; control group treatments included sham auriculotherapy, placebo pill, and standard medical care. Auriculotherapy was significantly more effective than control procedures at decreasing pain intensity as measured by VAS or NRS (SMD 1.56; 95% CI: 0.85, 2.26; eight studies) (Fig. 2A) . Though significant heterogeneity existed among the studies (Q-value ¼ 58.6, p < 0.001, I
2 ¼ 88), sensitivity analyses indicated no difference in conclusions with any single study removed, and cumulative analysis showed that results become more positive over time. When poor quality studies were removed, results remained statistically significant (SMD 2.17; 95% CI: 1.20, 3.13; five studies) and heterogeneity remained (Q-value ¼ 43.4, p < 0.001, I
2 ¼ 91). Two (2) studies were clear outliers. 32, 33 These studies included 21 and 61 participants, respectively (10% of our sample) and utilized a summed weekly pain score in addition to including only subjects with high baseline pain scores. When removed from the analysis, heterogeneity was reduced nominally (Q-value ¼ 19.18, p < 0.002, I 2 ¼ 74) and the SMD dropped to 1.01 (95% CI: 0.51, 1.51). The overall strength of evidence for efficacy of auriculotherapy for pain was rated as moderate (Table 2) .
Perioperative pain
Eight (8) studies assessed perioperative auriculotherapy. Two (2) studies assessed intraoperative use for anesthetic requirement, 31, 41 and six studies reported on the effects of postoperative auriculotherapy on pain relief or pain medication use. 15, 16, 30, 37, 39, 40 Three (3) of these studies were rated as high quality, three were rated fair, and two were rated poor (Table 1) .
Three (3) studies in this subgroup were excluded from the meta-analysis due to missing data or an outcome measure other than analgesic use. 31, 39, 40 Analgesic consumption was significantly lower in the auriculotherapy group compared to controls (SMD 0.54; 95% CI: 0.30, 0.77; five studies) (Fig.  2B) 
FIG. 2. Standardized mean differences (SMD) and 95% confidence interval (CI) (lower limit, upper limit). A SMD >0
indicates less pain (pain score) or less analgesic use (pain medication use) with auriculotherapy compared to control. A larger forest plot point reflects a study with heavier relative weight. The final row in each table represents the test for overall effect.
for this analysis were rated either good or fair quality. Of the three studies not included, two were rated poor and reported either mixed or negative results, and one study was rated good that reported favorable results. The strength of evidence for efficacy for this subgroup was rated as moderate ( Table 2 ). Four of the five studies included in the perioperative subgroup 15, 16, 37, 41 examined the effect of auricular acupuncture at true acupoints compared to sham points, allowing for a comparison of the effect of point specificity. Meta-analysis for these studies show a significant reduction in analgesic use for the true acupuncture group (SMD 0.63; 95% CI: 0.88, 4.97; four studies). Significant heterogeneity was not detected among this subgroup of studies (Q-value ¼ 1.79, p ¼ 0.62, I 2 < 0.001, t 2 < 0.001), and sensitivity analysis indicated no differences in conclusions with any single study removed. This was the only group of studies that compared the effects of penetrating true and sham acupuncture.
Acute pain
We identified four eligible studies of auriculotherapy for acute pain. One (1) study, however, did not provide enough data to be included in the meta-analysis. 17 The pain etiologies studied were the following: hip fracture 17 ; biliary colic 38 ; wound debridement in burn patients 42 ; and acute pain from a variety of different pain etiologies among patients in an emergency care center. 18 We rated only one study as good quality. Of the remaining three studies, one was rated fair, and two were rated poor ( Table 1) .
Because of the different scales used for primary outcome measures within this group, only two studies reported sufficient data for meta-analysis (Fig. 2C) . 18 , 42 The results comparing SMD for decrease in pain from baseline to end of study between treatment and control group favor auriculotherapy (SMD 1.35; 95% CI: 0.08, 2.64; two studies). There was significant heterogeneity between these two studies (Q-value ¼ 6.94, p < 0.001). The two studies not included in this subgroup analysis both reported positive effects for auriculotherapy. The strength of evidence for efficacy of this subgroup was rated as low (Table 2) .
Chronic pain
Five (5) studies using auriculotherapy to treat chronic musculoskeletal pain met our inclusion criteria. The range of conditions studied included chronic neck, 33 low back, 32 cancer, 14 temporomandibular joint, 43 and distal extremity pain. 44 Of the five studies, two were rated good, one was rated fair, and two were rated poor ( Table 1) . The overall change in pain score shows significant improvement for acupuncture treatment versus control (SMD 1.84; 95% CI: 0.60, 3.07; five studies). Significant heterogeneity was detected among the studies (Q-value ¼ 49.54, p < 0.001) (Fig. 2D) . However, sensitivity analysis indicated no differences in the conclusions with any single study removed, and cumulative analysis showed that effect estimates became larger with later publication dates. When poor quality studies were removed, results still favored auriculotherapy (SMD 2.86; 95% CI 0.70, 5.02; three studies). The strength of evidence for efficacy of this subgroup was rated as low (Table 2) .
Adverse events
Of the 17 studies included in this review, 7 (41%) did not report on adverse events, 5 (29%) reported no adverse events, 1104 ASHER ET AL.
and 5 (29%) reported some acupuncture-related adverse event. All 10 studies that reported on adverse events (4445 needle punctures) used indwelling auricular needles for both the intervention and control procedures, except for one study 39 that used auricular needles for the intervention procedure and placebo pill for the control. The most commonly reported events were ear pain (n ¼ 16) and tiredness (n ¼ 16). Other events reported include local minor bleeding (n ¼ 2), dizziness and nausea (n ¼ 1), and headache (n ¼ 1). No infections or other serious adverse events associated with auriculotherapy were reported.
Discussion
We found a large difference between auriculotherapy and control for reduction in pain scores for a wide variety of types of pain. The overall SMD was 1.56 (95% CI: 0.85, 2.26), indicating that on average, the mean decrease in pain score for the auriculotherapy group was 1.56 standard deviations greater than the mean decrease for the control group (i.e., the mean of the auriculotherapy group was at the 94th percentile of the control group). Removing two outliers reduced the effect size somewhat (SMD 1.01), but for either estimate, the effect size is considerably large. For comparison, a recent meta-analysis of traditional acupuncture for all types of pain found effect sizes (SMD) of 0.17 for body acupuncture versus placebo acupuncture, and 0.42 for placebo acupuncture versus no acupuncture. 45 It is unclear what accounts for the large effect sizes found for these studies. Adequate blinding procedures are often challenging for studies of acupuncture, with acupuncturists often unblinded and questionable blinding of participants. However, the studies with the best blinding procedures tended to have the highest effect estimates. 16, [31] [32] [33] 37, 43 Additionally, when poor quality studies were removed, which are more likely to contain unmeasured bias, the effect estimates remained relatively unchanged.
Subgroup analyses for postoperative, acute, and chronic pain also revealed significant reductions in either pain scores or analgesic consumption. In addition, the estimates did not change significantly when poor quality studies were removed. These results are further supported by the results of the random effects overall test for effect, sensitivity analyses, and cumulative analyses (Fig. 2) .
Postoperative pain was the largest subgroup we analyzed and contained the only results that were not statistically heterogeneous. We conducted two analyses of this group: studies measuring analgesic use, and studies comparing penetrating auricular acupuncture at true acupoints verses nonacupuncture points. Similar to a recent review of auriculotherapy for postoperative pain, 19 results for analgesic use suggest that auriculotherapy, specifically indwelling auricular acupuncture, is effective at reducing postoperative pain.
Perhaps more interesting are the comparisons for penetrating auricular acupuncture at true acupoints versus nonacupuncture points, since this comparison controls for the effects of needle puncture, demonstrating the effect of true acupuncture points. Our results suggest that for auricular acupuncture, pain relief may be dependent on the use of true acupuncture points. In contrast, the results of several recent studies of full body acupuncture suggest that the effects of acupuncture may be related simply to skin penetration and not to the use of true acupuncture points. 13, [46] [47] [48] Two (2) considerations may help explain these discordant findings:
(1) the effects of auriculotherapy may indeed be point specific and work through different mechanisms than full body acupuncture, or (2) auriculotherapy is not point specific but may have regional specificity. The regional innervations of the ear remain an unexplored area of investigation for auriculotherapy. The auricle receives nerve fibers from three distinct but overlapping groups: fibers from the superior cervical plexus largely innervate the helix and lobe; the pinna is innervated by the trigeminal nerve; and the conchae are predominantly innervated by the vagus nerve with some facial and glossopharyngeal nerve innervations. 49 It is possible that the effects noted in the subgroup analysis comparing auricular acupuncture at true acupoints versus nonacupuncture points are due to the regional grouping of the needles. In all four of these studies, the intervention treatment points were located in the conchae, while the control points were located along the helix. It has been demonstrated that needle stimulation of the conchae can induce significant parasympathetic stimulation. 50 It is possible that regional specificity, and not point specificity, is responsible for the results of these studies.
The results from studies of acute pain, though in favor of auriculotherapy, are difficult to generalize because only two studies were included in that meta-analysis. Likewise, because of the clinical heterogeneity among the studies of chronic pain, interpretation and generalizability of these results are limited. While it is possible that auriculotherapy analgesia works via central mechanisms that are independent of the type of pain experienced, there are a paucity of data on the mechanisms that might be responsible for auriculotherapy analgesia and there are not yet enough high quality studies across the wide spectrum of chronic pain syndromes to be confident that our results are generalizable to all chronic pain conditions. However, the positive results from analyses of these two subgroups do add a little information, in favor of auriculotherapy, to our overall conclusion that auriculotherapy appears to be beneficial for pain reduction across a wide spectrum of pain conditions. Further studies to elucidate the mechanisms responsible for acupuncture analgesia, and high quality studies of clinical pain syndromes will help to further clarify the benefits of auriculotherapy.
Overall, we rated the strength of evidence for efficacy of auriculotherapy compared to control for the treatment of pain as moderate (Table 2) . This was based on the magnitude of the mean differences we found overall and for each subgroup, the high consistency in direction and magnitude of effects noted throughout the studies, the lack of evidence of publication bias, the preponderance of good and fair quality studies, and the stability of our estimates with poor quality studies removed. Although we acknowledge the generally low strength of evidence of efficacy for acute and chronic pain subcategories, overall we note that the direction of effect appears to favor efficacy of auriculotherapy.
Limitations
Our search identified two studies that may have been appropriate to include in our review but were unavailable in English. 51, 52 Additionally, since our search strategy included only U.S. and European databases, we may have overlooked studies contained in the Asian literature. 53 However, it has been noted that studies of acupuncture that are indexed in MEDLINE and published in English score significantly higher on standardized quality scales than those that do not meet these criteria, 54 and some countries have been shown to publish exclusively positive results for studies of acupuncture. 55 For these reasons, we believe our results likely reflect the results of higher quality studies and reduced publication bias. For the meta-analyses, significant heterogeneity existed for all groups analyzed except for the perioperative subgroup. Though heterogeneity among pooled results may limit the strength of our findings, we note that most trials showed positive effects for auriculotherapy, sensitivity analyses revealed that results were not influenced by any single study, and cumulative analyses most often showed that studies became more significant over time. Additionally, because random-effects models were used for the conclusions of the current study, homogeneity was not assumed for these analyses. 29 However, we recognize that the magnitude of the effect estimates found may reflect biases that are difficult to overcome in studies of acupuncture.
Conclusions
The evidence from this review suggests that auriculotherapy may be effective for the treatment of a variety of types of pain, especially postoperative pain, and may be a reasonable adjunct for patients having difficulties with pharmacologic pain therapies.
